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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting 
element, on both faces of which electrodes are formed 
and which comprises a nitride semiconductor layer, and 
to provide a manufacturing method for the light-emitting 
element. 

SOLUTION: In the manufacturing method, a wafer on 
which an n-type nitride semiconductor layer and a p- 
type nitride semiconductor layer are laminated on a 
substrate is divided into light-emitting elements. The 
manufacturing method contains a p-electrode forming 
process, where a first metal layer which comes into 
ohmic contact with the p-type nitride semiconductor 
layer is formed nearly over the whole face of the p-type 
nitride semiconductor layer and a warpage preventing 
layer, which prevents the warpage of the wafer, is 
formed in the upper part from the metal layer. The 
manufacturing method contains a substrate removal 
process, where after the p-electrode formation process, 
the substrate is removed from the face on the opposite 
side of a substrate face on which the nitride semiconductor layer is laminated, in such a way 
that at least a part of the n-type nitride semiconductor layer is exposed in the respective 
regions of the light-emitting elements to be divided. The manufacturing method contains an n- 
electrode formation process where an n-electrode is formed, so as to come into contact with at 
least a part of the exposed n-type nitride semiconductor layer. The manufacturing method 
contains a division process, where the wafer on which the p-electrode and the n-electrode are 
formed is divided to form the light-emitting elements. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the light emitting device which divides the wafer with 
which it reached with n type nitride semiconductor layer at least on the substrate, and the 
laminating of the p type nitride semiconductor layer was carried out for every light emitting 
device characterized by providing the following, p electrode formation process which forms the 
1 St metal layer for [ of the aforementioned p type nitride semiconductor layer ] obtaining p type 
nitride semiconductor layer and ohmic contact on the whole surface, and forms the curvature 
prevention layer for preventing the curvature of the aforementioned wafer above the 
aforementioned metal layer mostly. The substrate removal process of removing the 
aforementioned substrate from the substrate side where the laminating of the aforementioned 
nitride semiconductor layer was carried out and the field of an opposite side so that a part of 
aforementioned n type nitride semiconductor layer [ at least ] may be exposed to each field of 
the light emitting device which should be divided after the aforementioned p electrode formation 
process, n electrode formation process which forms n electrode so that it may touch on n type 
nitride semiconductor layer which carried out [ aforementioned ] exposure in part at least. The 
division process which should divide the wafer with which the aforementioned p electrode and 
the aforementioned n electrode were formed and which divides for every field and is made into a 
light emitting device. 

[Claim 2] The aforementioned curvature prevention layer is the manufacture method of the light 
emitting device according to claim 1 characterized by thickness containing the 2nd metal layer 
10 micrometers or more at least. 

[Claim 3] The aforementioned 2nd metal layer is the manufacture method of the light emitting 
device according to claim 2 characterized by consisting of metals which contain nickel at least. 
[Claim 4] The aforementioned 2nd metal layer is the manufacture method of the light emitting 
device according to claim 2 to 3 characterized by being formed by non-electric-field plating. 
[Claim 5] The aforementioned curvature prevention layer is the manufacture method of the light 
emitting device according to claim 1 characterized by consisting of resin layers formed on the 
aforementioned 1 st metal layer except the portion in which one or more metal bumps formed on 
the aforementioned 1 st metal layer and the aforementioned metal bump were formed at least. 
[Claim 6] The manufacture method of the light emitting device according to claim 1 to 5 
characterized by containing further with Au stratification process which forms Au layer which 
contains Au at least above the aforementioned curvature prevention layer. 
[Claim 7] The aforementioned substrate is the manufacture method of the light emitting device 
according to claim 1 to 6 characterized by using sapphire. 

[Claim 8] The aforementioned n electrode is the manufacture method of the light emitting device 
according to claim 1 to 7 characterized by being a transparent electrode. 

[Claim 9] In the light emitting device which the semiconductor layer to which the laminating of n 
type nitride semiconductor layer and the p type nitride semiconductor layer was carried out at 
least is formed, and has n electrode and p electrode the aforementioned n electrode and the 
aforementioned p electrode On both sides of the aforementioned semiconductor layer, it is 
formed face to face, respectively, the aforementioned p electrode The light emitting device 
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characterized by consisting of a 1st metal layer for [ of the aforementioned p type nitride 
semiconductor layer ] obtaining p type nitride semiconductor layer and ohmic contact on the 
whole surface mostly, and a curvature prevention layer for preventing the curvature of the 
aforementioned wafer above the aforementioned metal layer at least. 

[Claim 10] In the light emitting device which the semiconductor layer to which the laminating of n 
type nitride semiconductor layer and the p type nitride semiconductor layer was carried out at 
least is formed, and has n electrode and p electrode the aforementioned p electrode The 1 st 
metal layer for [ of the aforementioned p type nitride semiconductor layer ] obtaining p type 
nitride semiconductor layer and ohmic contact on the whole surface mostly. It consists of 
curvature prevention layers for preventing the curvature of the aforementioned wafer above the 
aforementioned metal layer at least. It is the light emitting device which a part of aforementioned 
substrate [ at least ] was removed, has exposed the aforementioned n type nitride 
semiconductor layer, and is characterized by the thing on n type nitride semiconductor layer in 
which the aforementioned n electrode carried out [ aforementioned ] exposure formed so that it 
may touch in part at least. 

[Claim 11] The aforementioned curvature prevention layer is a light emitting device according to 
claim 9 or 10 characterized by thickness containing the 2nd metal layer 10 micrometers or more 
at least. 

[Claim 12] The aforementioned 2nd metal layer is a light emitting device according to claim 1 1 
characterized by consisting of metals which contain nickel at least. 

[Claim 13] The aforementioned 2nd metal layer is a light emitting device according to claim 11 to 
12 characterized by being formed by non-electric-field plating. 

[Claim 14] The aforementioned curvature prevention layer is a light emitting device according to 
claim 9 or 10 characterized by consisting of resin layers formed on the aforementioned 1st metal 
layer except the portion in which one or more metal bumps formed on the aforementioned 1 st 
metal layer and the aforementioned metal bump were formed at least. 
[Claim 15] The aforementioned resin layer is a light emitting device according to claim 14 
characterized by thickness being 20 micrometers or more. 

[Claim 16] The aforementioned p electrode is a light emitting device according to claim 9 to 15 
characterized by having Au layer which contains Au at least above the aforementioned curvature 
prevention layer. 

[Claim 17] The aforementioned substrate is a light emitting device according to claim 9 to 16 
characterized by using sapphire. 

[Claim 18] The aforementioned n electrode is a light emitting device the claim 9 characterized by 
being a transparent electrode, or given in 1 7. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of of the light emitting 
device and light emitting device which have the electrode used for light emitting devices, such as 
Light Emitting Diode (light emitting diode) and LD (laser diode), especially a nitride 
semiconductor layer (for example, InxAlyGal-x-yN, 0<=x, 0<=y, x+y<=1). 
[0002] 

[Description of the Prior Art] The light emitting device which has a nitride semiconductor layer 
so that it may be represented by Blue Light Emitting Diode and LD etc. in recent years attracts 
attention. Luminescence is performed by the carrier combination with the carrier with which this 
nitride semiconductor layer was roughly poured in from p type nitride semiconductor layer, and 
the carrier poured in from n type nitride semiconductor layer, and good crystallinity is acquired 
by forming especially these nitrides semiconductor layer on silicon on sapphire. However, 
sapphire is the insulating matter and cannot form an electrode in a silicon-on-sapphire front 
face. For this reason, when the substrate which consists of insulating matter, such as silicon on 
sapphire, was used for a light emitting device, the electrode needed to be formed on the contact 
layer which removed the semiconductor layer by etching etc. and was exposed. 
[0003] 

[Problem(s) to be Solved by the Invention] As mentioned above, when a semiconductor layer 
was removed and an electrode was formed, the number of the light emitting devices obtained 
from per unit area of a wafer decreased, and had the trouble that a manufacturing cost became 
high. Moreover, since electrode section approached, highly precise position control needed to be 
performed at the time of bonding. 

[0004] After forming a nitride semiconductor layer on wafer-like silicon on sapphire to this again, 
polish etc. removed silicon on sapphire and there was technology which forms the electrode of 
each positive/negative in the position which countered on both sides of the semiconductor layer. 
However, since curvature arose from the mismatching of the lattice constant of a nitride 
semiconductor layer and sapphire to a wafer and the crack of a semiconductor layer etc. 
occurred as silicon on sapphire is ground, there was a trouble that the manufacture yield became 
bad and a manufacturing cost became high. Since especially the mismatching of the lattice 
constant of silicon on sapphire and a nitride semiconductor is large, in the light emitting device 
which consists of a nitride semiconductor, this curvature poses a big problem. 
[0005] Then, this invention aims at offering the manufacture method of of the light emitting 
device and light emitting device which have the nitride semiconductor layer which formed the 
electrode in both sides of a light emitting device by the low cost, without causing the fall of the 
manufacture yield, acquiring good crystallinity. 
[0006] 

[Means for Solving the Problem] In the manufacture method of the light emitting device which 
divides the wafer with which the manufacture method of the light emitting device of this 
invention reached with n type nitride semiconductor layer at least on the substrate, and the 
laminating of the p type nitride semiconductor layer was carried out for every light emitting 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2003/09/04 



2/8 ^— V 



device p electrode formation process which forms the 1 st metal layer for [ of the 
aforementioned p type nitride semiconductor layer ] obtaining p type nitride semiconductor layer 
and ohmic contact on the whole surface, and forms the curvature prevention layer for preventing 
the curvature of the aforementioned wafer above the aforementioned metal layer mostly, So that 
a part of aforementioned n type nitride semiconductor layer [ at least ] may be exposed to each 
field of the light emitting device which should be divided after the aforementioned p electrode 
formation process The substrate removal process of removing the aforementioned substrate 
from the substrate side where the laminating of the aforementioned nitride semiconductor layer 
was carried out, and the field of an opposite side. The division process which should divide the 
wafer with which n electrode formation process which forms n electrode so that it may touch in 
part at least and the aforementioned p electrode on n type nitride semiconductor layer which 
carried out [ aforementioned ] exposure, and the aforementioned n electrode were formed and 
which divides for every field and is made into a light emitting device is included. By this, the light 
emitting device which has the nitride semiconductor layer which formed the electrode in both 
sides of a light emitting device can be offered by the low cost, without causing the fall of the 
manufacture yield, acquiring good crystallinity. 

[0007] Moreover, the manufacture method of the light emitting device of this invention can 
consider the aforementioned curvature prevention layer as the composition in which thickness 
contains the 2nd metal layer 10 micrometers or more at least. 

[0008] Moreover, the aforementioned 2nd metal layer consists of metals with which the 
manufacture method of the light emitting device of this invention contains nickel at least. 
[0009] Moreover, the aforementioned 2nd metal layer is formed for the manufacture method of 
the light emitting device of this invention by non-electric-field plating. 

[0010] Moreover, you may consist of resin layers by which the manufacture method of the light 
emitting device of this invention was formed on the aforementioned 1st metal layer except the 
portion in which one or more the metal bumps and the aforementioned metal bumps by which the 
aforementioned curvature prevention layer was formed on the aforementioned 1 st metal layer 
were formed at least. 

[0011] Moreover, the manufacture method of the light emitting device of this invention is further 
included with Au stratification process which forms Au layer which contains Au at least above 
the aforementioned curvature prevention layer. 

[0012] Moreover, in the manufacture method of the light emitting device of this invention, the 
aforementioned substrate uses sapphire. 

[0013] Moreover, in the manufacture method of the light emitting device of this invention, the 
aforementioned n electrode is a transparent electrode. 

[0014] Moreover, the semiconductor layer to which the laminating of n type nitride 
semiconductor layer and the p type nitride semiconductor layer was carried out at least is 
formed, and the light emitting device of this invention is set to the light emitting device which 
has n electrode and p electrode. On both sides of the aforementioned semiconductor layer, the 
aforementioned n electrode and the aforementioned p electrode counter, and are formed, 
respectively, the aforementioned p electrode It consists of a 1 st metal layer for [ of the 
aforementioned p type nitride semiconductor layer ] obtaining p type nitride semiconductor layer 
and ohmic contact on the whole surface mostly, and a curvature prevention layer for preventing 
the curvature of the aforementioned wafer above the aforementioned metal layer at least. 
[0015] Moreover, light emitting device of this invention In the light emitting device which the 
semiconductor layer to which the laminating of n type nitride semiconductor layer and the p type 
nitride semiconductor layer was carried out at least is formed, and has n electrode and p 
electrode The aforementioned p electrode The 1st metal layer for [ of the aforementioned p type 
nitride semiconductor layer ] obtaining p type nitride semiconductor layer and ohmic contact on 
the whole surface mostly, It consists of curvature prevention layers for preventing the curvature 
of the aforementioned wafer above the aforementioned metal layer at least. A part of 
aforementioned substrate [ at least ] was removed, the aforementioned n type nitride 
semiconductor layer is exposed, and the aforementioned n electrode can be considered as the 
composition formed so that it may touch on n type nitride semiconductor layer which carried out 
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[ aforementioned ] exposure in part at least. 

[001 6] Moreover, the light emitting device of this invention can consider the aforementioned 
curvature prevention layer as the composition in which thickness contains the 2nd metal layer 
10 micrometers or more at least. 

[0017] Moreover, the aforementioned 2nd metal layer consists of metals with which the light 
emitting device of this invention contains nickel at least. 

[0018] Moreover, the aforementioned 2nd metal layer is formed for the light emitting device of 
this invention by non-electric-field plating. 

[0019] Moreover, you may consist of resin layers by which the light emitting device of this 
invention was formed on the aforementioned 1 st metal layer except the portion in which one or 
more the metal bumps and the aforementioned metal bumps by which the aforementioned 
curvature prevention layer was formed on the aforementioned 1 st metal layer were formed at 
least. 

[0020] Moreover, as for the light emitting device of this invention, the thickness of the 
aforementioned resin layer is 20 micrometers or more. 

[0021] Moreover, the light emitting device of this invention has Au layer in which the 
aforementioned p electrode contains Au at least above the aforementioned curvature prevention 
layer. 

[0022] Moreover, sapphire is used for the light emitting device of this invention by the 
aforementioned substrate. 

[0023] Moreover, the aforementioned n electrode of the light emitting device of this invention is 

a transparent electrode. 

[0024] 

[Embodiments of the Invention] (Gestalt 1 of operation) The electrode formation method of the 
light emitting device of this invention and a light emitting device is explained below. 
[0025] As shown in dra win g 1 (a), the semiconductor layer 2 is formed on the wafer-like 
substrate 1. As a substrate 1, insulating substrates, such as sapphire and a spinel, are used, for 
example. The semiconductor layer 2 is formed of a nitride semiconductor layer, and consists of 
an n type nitride semiconductor layer 21 which consists of nitride semiconductor InxAlyGal-x- 
yN (0<=x, 0<=y. x+y<=1) which doped n type impurities, such as Si, and a p type nitride 
semiconductor layer 23 which consists of a nitride semiconductor which doped p type impurities, 
such as Mg, at least. 

[0026] the [ and / which is the 1st metal layer from which p type nitride semiconductor layer 23 
and ohmic contact are obtained on p type nitride semiconductor layer 23 as shown in draw ing 1 
(b) after forming the semiconductor layer 2, and which formed Pt, for example on the nickel/Pt 
layer ] — the 1p electrode 31 and the curvature prevention layer 32 are formed one by one 
Here, it curves and, as for the prevention layer 32, thickness is formed from a metal layer 1 0 
micrometers or more. Thus, the supporter material of the wafer for removal of a substrate 1 can 
be mostly obtained by intensity sufficient by the p electrode 3 of a wafer in which thickness 
contains the 2nd metal layer 10 micrometers or more at least on the whole surface being formed 
for the whole wafer. As for this support metal layer 32. being formed by non-electric-field plating 
is desirable. When insulating matter, such as sapphire, is used for a substrate 1. it is eye a 
difficult hatchet to impress electric field to the whole wafer uniformly, and to form a uniform 
metal layer. If the thickness of the curvature prevention layer 32 becomes uneven at this time, 
distortion will arise to a wafer and the semiconductor layer 2 will become easy to break. 
[0027] then, as shown in dra wing 1 (c), the p electrode 3 side counters a susceptor 5 in the 
wafer with which the p electrode 3 which has the support metal layer 32 was formed in the 
susceptor 5 — as — laying — polish — by using a member 6, it grinds so that n type nitride 
semiconductor layer 21 may expose a substrate 1, and it removes Or after leaving 10-100 
micrometers of substrates, it is good also as composition which removes a part of substrate [ at 
least ] 1 with etching or a dicing saw. Thus, a part of n type nitride semiconductor layer [ at 
least ] 21 is exposed. Thus, when thickness forms p electrode which has the 2nd metal layer 10 
micrometers or more at least on p type nitride semiconductor layer 23, the curvature of the 
wafer produced at the time of polish of a substrate 1 can be reduced, and the crack of the 
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semiconductor layer 2 can be prevented and ******(ed). Moreover, a substrate 1 can be ground, 
reducing distortion and keeping parallelism good [ precision ]. 

[0028] And the n electrode 4 which consists of W/aluminum or ITO is formed in exposed n type 
nitride semiconductor layer 21. In this case, it is good also as composition which forms n 
electrode so that it may touch on exposed n type nitride semiconductor layer in part at least. By 
forming the n electrode 4 as a transparent electrode especially, the p electrode 3 from which it 
was formed by sufFicient thickness and the high reflection factor was obtained is used as a 
reflector, it is efficient and the light generated in the semiconductor layer 2 can be taken out. In 
W/aluminum, it can be made into a transparent electrode by forming W by 10-30A in about 20- 
40A and ITO, and forming aluminum by the thickness of 1000-5000A. 

[0029] Thus, the wafer in which the electrode was formed can be divided into a suitable size, and 
a light emitting device can be obtained. The number of the light emitting devices which the yield 
improves since the crack of a wafer can be prevented, and are obtained from per unit area of a 
wafer by the electrode formation method of the light emitting device of this invention can be 
raised. Moreover, uniform luminescence is obtained from the ability of the light emitting device of 
this invention to counter and form the p electrode 3 and the n electrode 4 on both sides of the 
semiconductor layer 2. Furthermore, since the crystalline good nitride semiconductor layer 2 can 
be formed when sapphire is used as a substrate 1 , high luminescence of luminous efficiency is 
obtained. 

(Gestalt 2 of operation) The electrode formation method of the light emitting device of this 
invention and a light emitting device is explained below. 

[0030] As shown in drawing 7 (a), the semiconductor layer 2 is formed on the wafer-like 
substrate 1. As a substrate 1, insulating substrates, such as sapphire and a spinel, are used, for 
example. The semiconductor layer 2 is formed of a nitride semiconductor layer, and consists of 
an n type nitride semiconductor layer 21 which consists of nitride semiconductor InxAlyGal-x- 
yN (0<=x, 0<=y, x+y<=1) which doped n type impurities, such as Si, and a p type nitride 
semiconductor layer 23 which consists of a nitride semiconductor which doped p type impurities, 
such as Mg, at least. 

[0031] the [ and / which is the metal layer in which it formed, the metal, for example, the 
nickel/Pt layer, on p type nitride semiconductor layer 23 from which p type nitride 
semiconductor layer 23 and ohmic contact are obtained on the whole surface, mostly as shown 
in drawing 7 (b) after forming the semiconductor layer 2 ] — the 1p electrode 31 is formed the 
[ this ] — the 1p electrode 31 is good on a nickel/Pt layer also as composition which carried out 
the laminating of the Pt layer further 

[0032] the — it is shown in drawing 7 (c) after 1p electrode formation — as — the — two or 
more metal bump 32a is formed on the 1p electrode 31 next, the portion in which metal bump 
32a was formed as shown in dravying_ 7 (d) — removing — the — resin layer 32b is formed on 
the 1p electrode 31 And it processes by ****(ing) for making a front face uniform by grinding 
etc. Of these metal bump 32a and resin layer 31b, the curvature prevention layer 32 which 
prevents the curvature of a wafer at the time of substrate 1 polish is formed. As for this 
curvature prevention layer 32. it is desirable to be referred to as about 40-80 micrometers. 
Thus, the supporter material of the wafer for removal of a substrate 1 can be obtained by 
intensity sufficient by the thing of a wafer for which it curves on the whole surface mostly and a 
prevention layer is formed for the whole wafer. 

[0033] then, as shown in drawing 7 (e), the p electrode 3 side counters a susceptor 5 in the 
wafer with which the p electrode 3 which curves in a susceptor 5 and has the prevention layer 
32 was formed — as — laying — polish — by using a member 6. it grinds so that n type nitride 
semiconductor layer 21 may expose a substrate 1, and it removes Or after leaving 10-100 
micrometers of substrates, it is good also as composition which removes a part of substrate [ at 
least ] 1 with etching or a dicing saw. Thus, a part of n type nitride semiconductor layer [ at 
least ] 21 is exposed. Thus, when thickness forms p electrode which has the curvature 
prevention layer 32 10 micrometers or more at least on p type nitride semiconductor layer 23, 
the curvature of the wafer produced at the time of polish of a substrate 1 can be reduced, and 
the crack of the semiconductor layer 2 can be prevented. Moreover, a substrate 1 can be 
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ground, reducing distortion and keeping parallelism good [ precision ]. 

[0034] And the n electrode 4 which consists of W/aluminum or ITO is formed in exposed n type 
nitride semiconductor layer 21. In this case, it is good also as composition which forms n 
electrode so that it may touch on exposed n type nitride semiconductor layer in part at least. 
[0035] Thus, the wafer in which the electrode was formed can be divided into the suitable size 
containing at least one metal bump 32a. and a light emitting device can be obtained. The number 
of the light emitting devices which the yield improves since the crack of a wafer can be 
prevented, and are obtained from per unit area of a wafer by the electrode formation method of 
the light emitting device of this invention can be raised. Moreover, uniform luminescence is 
obtained from the ability of the light emitting device of this invention to counter and form the p 
electrode 3 and the n electrode 4 on both sides of the semiconductor layer 2. Furthermore, 
since the crystalline good nitride semiconductor layer 2 can be formed when sapphire is used as 
a substrate 1 , high luminescence of luminous efFiciency is obtained. 

(Example 1) An example at the time of applying the formation method of the electrode of the 
light emitting device in this invention to Light Emitting Diode is explained. 
[0036] For example, each class is formed by the organic-metal vapor-growth method (the 
MOCVD method), using the Cth page of sapphire as a substrate 1. The buffer layer which makes 
the mismatching of the lattice constant of a substrate 1 and the nitride semiconductor layer 2 
ease on a substrate 1 as shown in drawing 2 (a) (not shown), By n type contact layer and carrier 
combination which are n type nitride semiconductor layer 21 for obtaining n electrode and ohmic 
contact p type nitride semiconductor layer 23 which consists of p type contact layers for 
obtaining p type clad layer for confining in a barrier layer the barrier layer 22 and carrier which 
are made to generate light and p electrode, and ohmic contact is formed one by one. 
[0037] A buffer layer consists of GaN(s) of 1 0A - 500A of thickness which performed the crystal 
growth by low temperature, n type contact layer consists of 2-6-micrometer Si dopes GaN 
preferably 1-20 micrometers of thickness. Moreover, you may form n type clad layer which 
consists of AIGaN(s) by which Si was doped on n type contact layer. A barrier layer 22 may be 
constituted from InGaN and may be constituted as the single well layer or multiplex quantum well 
layer of GaN/InGaN/GaN. p type clad layer consists of Mg dopes AIGaN of 100-500A of 
thickness. Moreover, the carrier to a barrier layer also closes this p type clad layer, and it is 
omissible if eye ** is enough, p type contact layer consists of 0.05-0.2-micrometer Mg dopes 
GaN preferably 0.001-0.5 micrometers of thickness. 

[0038] Annealing is performed, after forming nickel by the thickness of 100A on p type nitride 
semiconductor layer 23 of the wafer formed as mentioned above and forming Pt by sputtering 
etc. by the thickness of 500A on it as shown in drawing 2 (b). The ohmic contact with a 
combination of this nickel/Pt as good also as nickel/Au. Co/Au, and Pd/Pt as p type nitride 
semiconductor layer 23 is obtained, furthermore, Pt after forming a nickel/Pt layer — the 
thickness of 5000A — forming — annealing — carrying out — the — it takes 1p electrode 31 
[0039] the — after 1p electrode 31 formation — further — Palladium Pd — the thickness of 
severalangstroms - 1000A — sputtering — or — or roughen a front face, it is made to adsorb 
by etching, and ground layer 32a is formed This Pd acts as a reaction catalyst. And on ground 
layer 32a, 10 micrometers or more, P-nickel is preferably formed by non-electric-field plating by 
the thickness of 50-300 micrometers, and is set to 2nd metal layer 32b. 5 - 10% of the Lynn 
content is desirable. Au is lastly formed by non-electric-field plating or the vacuum deposition 
by the thickness of 1000A. Since it is difficult to carry out the seal of approval of the uniform 
electric field to the whole wafer when insulators, such as sapphire, are used for the substrate 1 
of the nitride semiconductor layer 2, it is desirable to form the metal layer which has sufficient 
thickness with non-electric-field plating. Cu, Au, and Ag are mentioned as an example of other 
non-electric-field plating of nickel. Especially nickel has a quick formation speed, and since it 
becomes easy to obtain sufficient thickness, it is more desirable. 

[0040] then, the wafer with which the p electrode 3 was formed as shown in drawing 2 (c) — the 
susceptors 5, such as a surface plate, — laying — the 1st page of a substrate — polish of a 
grinding stone etc. — it grinds by the member 6 the [ thus. ] — a substrate 1 can be ground in 
parallel, without being able to prevent that a wafer is distorted and a wafer breaking at the time 
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of substrate polish, by forming 2nd metal layer 32b which has sufflcient thickness as compared 
with the 1p electrode 31 

[0041] Polish of this substrate 1 is performed until n type nitride semiconductor layer 21 is 
exposed, as shown in drawing 3 (a). After polish of a substrate 1 etches about 1-2 micrometers 
in RIE in the field which received the damage by polish of n type contact layer 21. Then, it is 20A 
in thickness about a tungsten, next, aluminum is formed by sputtering by the thickness of 30A at 
exposed n type contact layer 21, annealing is performed, and as shown at drawing 3 (b), the n 
electrode 4 is formed. Moreover, you may form this n electrode 4 from ITO. Thus, a dicing saw 
divides the formed wafer, and as shown in drawing 3 (c), it considers as a light emitting device. 
[0042] Moreover, although the example which forms n electrode all over a wafer here was shown, 
the ejection efficiency of the light from a light emitting device can be improved by forming the n 
electrode 4 partially by patterning. 

(Example 2) The process to p electrode 3 formation is performed like an example 1. as a light 
emitting device is laid in a susceptor 5 after p electrode formation and it is shown in drawing 4 
(a), it leaves 10 micrometers - about 100 micrometers of substrates 1 to n type nitride 
semiconductor layer 21 side — as — polish — it grinds by the member 6 What is necessary is 
just to set up suitably the thickness of this substrate 1 that it should leave according to the 
control precision of polish. Then, as shown in drawin g 4 (b), with a dicing saw, a substrate 1 is 
deleted by Mr. about 0.5-2.0-micrometer Fukashi of n type contact layer, and a slot is formed. 
To silicon on sapphire 1 and n type nitride semiconductor layer 21, after formation of a slot 
etches so that n type nitride semiconductor layer 21 can delete about 1~2 micrometers in RIE. 
[0043] And to a substrate 1 and n type nitride semiconductor layer 21, Aluminum aluminum is 
formed for Tungsten W by sputtering by the thickness of 30A after that with the thickness of 
20A, annealing is performed, and as shown in drawing 4 (c), the n electrode 4 is formed. Thus, a 
dicing saw divides the formed wafer for every light emitting device, as shown in drawing 4 (d). 
[0044] This example 2 can stop the damage by the polish to n type nitride semiconductor layer 
21 to the minimum. Moreover, it can prevent grinding n type nitride semiconductor layer 21 too 
much by control dispersion of the polish depth. 

[0045] Moreover, it is not necessary to necessarily form the n electrode 4 all over n type nitride 
semiconductor layer 21, and as shown in the perspective diagram of the light emitting device 
shown in drawing 5 (a), it may form the n electrode 4 partially. Drawing 5 (b) is the plan which 
looked at the example of the n electrode 4 shown in drawing 5 (a) from right above the n 
electrode 4 here. The number of the slots formed in n type nitride semiconductor layer 21 does 
not need to be one, either, and they may be formed. [ two or more ] Of course, what is 
necessary is not to form the n electrode 4 throughout a slot and to form the n electrode 4 only 
in a field required for carrier pouring. 

[0046] Furthermore, as shown in .drawing 6 , you may form in each angle of a light emitting 
device the slot formed in n type nitride semiconductor layer 21 from the center of a light 
emitting device. However, drawing 6 is the plan which looked at the n electrode 4 from right 
above like drawin g 5 (b). In this example, since the n electrode 4 of each other in the flat surface 
of n type nitride semiconductor layer 21 is formed in the 2-way which is not parallel from the 
center of a light emitting device, a carrier is comparatively poured into homogeneity over the 
whole surface of a light emitting device, and luminescence in a light emitting device can be made 
uniform. 

[0047] Furthermore, although it is desirable from not adding new composition to the 
manufacturing installation of a light emitting device to form a slot by using a dicing saw, the 
configuration in which n type nitride semiconductor layer 21 is exposed does not need to be a 
slot-like, removes a part of [ required in order not to be concerned with a configuration but to 
perform carrier pouring / at least ] substrates, and should just expose n type nitride 
semiconductor layer 21. 

(Example 3) An example at the time of applying the formation method of the electrode of the 
light emitting device in this invention to Light Emitting Diode is explained. 
[0048] For example, each class is formed by the organic-metal vapor-growth method (the 
MOCVD method), using the Cth page of sapphire as a substrate 1. The buffer layer which makes 
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the mismatching of the lattice constant of a substrate 1 and the nitride semiconductor layer 2 
ease on a substrate 1 as shown in drawing 8 (a) (not shown), By n type contact layer and carrier 
combination which are n type nitride semiconductor layer 21 for obtaining n electrode and ohmic 
contact p type nitride semiconductor layer 23 which consists of p type contact layers for 
obtaining p type clad layer for confining in a barrier layer the barrier layer 22 and carrier which 
are made to generate light and p electrode, and ohmic contact is formed one by one. 
[0049] A buffer layer consists of GaN(s) of 1 0A - 500A of thickness which performed the crystal 
growth by low temperature, n type contact layer consists of 2-6-micrometer Si dopes GaN 
preferably 1-20 micrometers of thickness. Moreover, you may form n type clad layer which 
consists of AIGaN(s) by which Si was doped on n type contact layer. A barrier layer 22 may be 
constituted from InGaN and may be constituted as the single well layer or multiplex quantum well 
layer of GaN/InGaN/GaN. p type clad layer consists of Mg dopes AIGaN of 100-500A of 
thickness. Moreover, the carrier to a barrier layer also closes this p type clad layer, and it is 
omissible if eye ** is enough, p type contact layer consists of 0.05-0.2-micrometer Mg dopes 
GaN preferably 0.001-0.5 micrometers of thickness. 

[0050] Annealing is performed, after forming nickel by the thickness of 100A on p type nitride 
semiconductor layer 23 of the wafer formed as mentioned above and forming Pt by sputtering 
etc. by the thickness of 500A on it as shown in dr aw ing 8 (b). The ohmic contact with a 
combination of this nickel/Pt as good also as nickel/Au, Co/Au, and Pd/Pt as p type nitride 
semiconductor layer 23 is obtained, furthermore, Pt after forming a nickel/Pt layer — the 
thickness of 5000A — forming — annealing — carrying out — the — it considers as the 1p 
electrode 31 

[0051] the — the [ after 1p electrode 31 formation and ] — the [ except the portion in which 
two or more metal bump 32a was formed on the 1p electrode 31, next metal bump 32a was 
formed ] — resin layer 32b is formed on the 1p electrode 31 Metal bump 32a consists of a 
golden bump, a copper bump, a solder bump, etc. Moreover, resin layer 32b consists of epoxy 
resins etc. Of these metal bump 32a and resin layer 31b, the curvature prevention layer 32 which 
prevents the curvature of a wafer at the time of substrate 1 polish is formed. As for this 
curvature prevention layer 32, it is desirable to be referred to as 20 micrometers or more, and it 
is more desirable to be referred to as about 40-80 micrometers. Thus, the supporter material of 
the wafer for removal of a substrate 1 can be obtained by intensity sufficient by the thing of a 
wafer for which it curves on the whole surface mostly and a prevention layer is formed for the 
whole wafer. Moreover, it is desirable to prevent that distortion of the wafer at the time of 
substrate polish occurs by [ which consist of this metal bump 32a and resin layer 32b ] curving, 
processing by ****(ing) after forming the prevention layer 32. and making thickness uniform. 
[0052] Moreover, lastly, by plating or the vacuum deposition, Au is formed by the thickness of 
1 0OOA and it considers as the Au layer 34. this — the p electrode 3 and a lead — adhesion with 
a member or a wire can be made good this Au layer 34 — the curvature prevention layer 32 and 
a lead — it is omissible if adhesion with a member or a wire is good 

[0053] then, the wafer with which the p electrode 3 was formed as shown in drawing 8 (c) — the 
susceptors 5, such as a surface plate. — laying — the 1st page of a substrate — polish of a 
grinding stone etc. — it grinds by the member 6 the [ thus, ] — a substrate 1 can be ground in 
parallel, without being able to prevent that a wafer is distorted and a wafer breaking at the time 
of substrate polish, by forming the curvature prevention layer 32 which has sufficient thickness 
as compared with the 1p electrode 31 

[0054] Polish of this substrate 1 is performed until n type nitride semiconductor layer 21 is 
exposed, as shown in drawing 9 (a). After polish of a substrate 1 etches about 1-2 micrometers 
in RIE in the field which received the damage by polish of n type contact layer 21. Then, it is 20A 
in thickness about a tungsten, next, aluminum is formed by sputtering by the thickness of 30A at 
exposed n type contact layer 21, annealing is performed, and as shown at drawin g 9 (b), the n 
electrode 4 is formed. Moreover, you may form this n electrode 4 from ITO. Thus, a dicing saw 
divides the formed wafer, and as shown in drawing 9 (c). it considers as a light emitting device. 
What is necessary is to be good also as 1 metal bump 32a per light emitting device, and Just to 
have at least one metal bump 32a. although each light emitting device considered as the 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_eije 



2003/09/04 



8/8 ^— V 



composition which has two metal bump 32a in the example shown in drawing 9 . 
[0055] Moreover, although the example which forms n electrode all over a wafer here was shown, 
the ejection efficiency of the light from a light emitting device can be improved by forming the n 
electrode 4 partially by patterning. 

(Example 4) The process to p electrode 3 formation is performed like an example 1. as a light 
emitting device is laid in a susceptor 5 after p electrode 3 formation and it is shown in drawing 
10 (a), it leaves 1 0 micrometers - about 1 00 micrometers of substrates 1 to n type nitride 
semiconductor layer 21 side — as — polish — it grinds by the member 6 What is necessary is 
just to set up suitably the thickness of this substrate 1 that it should leave according to the 
control precision of polish. Then, as shown in drawing 10 (b), with a dicing saw, a substrate 1 is 
deleted by Mr. about 0.5-2.0-micrometer Fukashi of n type contact layer, and a slot is formed. 
To silicon on sapphire 1 and n type nitride semiconductor layer 21, after formation of a slot 
etches so that n type nitride semiconductor layer 21 can delete about 1-2 micrometers in RIE. 
[0056] And to a substrate 1 and n type nitride semiconductor layer 21, Aluminum aluminum is 
formed for Tungsten W by sputtering by the thickness of 30A after that with the thickness of 
20A, annealing is performed, and as shown in drawing 10 (c), the n electrode 4 is formed. Thus, a 
dicing saw divides the formed wafer for every light emitting device, as shown in drawing 10 (d). 
[0057] This example 2 can stop the damage by the polish to n type nitride semiconductor layer 
21 to the minimum. Moreover, it can prevent grinding n type nitride semiconductor layer 21 too 
much by control dispersion of the polish depth. 

[0058] Moreover, it is not necessary to necessarily form the n electrode 4 all over n type nitride 
semiconductor layer 21. and like an example 2. as shown in the perspective diagram of the light 
emitting device shown in drawing 5 (a), it may form the n electrode 4 partially. Drawing 5 (b) is 
the plan which looked at the example of the n electrode 4 shown in drawing 5 (a) from right 
above the n electrode 4 here. The number of the slots formed in n type nitride semiconductor 
layer 21 does not need to be one, either, and they may be formed. [ two or more ] Of course, 
what is necessary is not to form the n electrode 4 throughout a slot and to form the n electrode 
4 only in a field required for carrier pouring. 

[0059] Furthermore, like an example 2, as shown in drawing 6 , you may form in each angle of a 
light emitting device the slot formed in n type nitride semiconductor layer 21 from the center of 
a light emitting device. However, drawing 6 is the plan which looked at the n electrode 4 from 
right above like drawing 5 (b). In this example, since the n electrode 4 of each other in the flat 
surface of n type nitride semiconductor layer 21 is formed in the 2-way which is not parallel 
from the center of a light emitting device, a carrier is comparatively poured into homogeneity 
over the whole surface of a light emitting device, and luminescence in a light emitting device can 
be made uniform. 

[0060] Furthermore, although it is desirable from not adding new composition to the 
manufacturing installation of a light emitting device to form a slot by using a dicing saw, the 
configuration in which n type nitride semiconductor layer 21 is exposed does not need to be a 
slot-like, removes a part of [ required in order not to be concerned with a configuration but to 
perform carrier pouring / at least ] substrates, and should just expose n type nitride 
semiconductor layer 21. 
[0061] 

[Effect of the Invention] By the electrode formation method of the light emitting device of this 
invention, and a light emitting device, the light emitting device which has the nitride 
semiconductor layer which formed the electrode in both sides of a light emitting device can be 
offered, acquiring good crystallinity. 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
danages caused by the use of this translation. 

1 Tills document lias been translated by computer. So tJie translation may not reflect tlie original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is drawing showing roughly the process from formation of p electrode in the 
gestalt 1 of operation of this invention to polish of a substrate. 

[Drayving 2] It is drawing showing roughly the process from formation of p electrode in the 
example 1 of this invention to polish of a substrate. 

[Drawing 3] It is drawing showing roughly the process from removal of the substrate in the 
example 1 of this invention to formation of n electrode, and the division into a light emitting 
device. 

[Drawing 4] It is drawing showing roughly the process from removal of the substrate in the 
example 2 of this invention to formation of n electrode, and the division into a light emitting 
device. 

[DraiyyM^^^ it is the schematic diagram of the light emitting device about the modification in the 
example 2 of this invention. 

[Drawing 6] It is the rough plan which looked at the light emitting device about other 
modifications in the example 2 of this invention from n electrode side. 
[Drawing 7] It is drawing showing roughly the process from formation of p electrode in the 
gestalt 2 of operation of this invention to polish of a substrate. 

[ D r aw i n g 8] It is drawing showing roughly the process from formation of p electrode in the 
example 3 of this invention to polish of a substrate. 

[Pravying_?] It is drawing showing roughly the process from removal of the substrate in the 
example 3 of this invention to formation of n electrode, and the division into a light emitting 

device. 

[Drawing 10] It is drawing showing roughly the process from removal of the substrate in the 
example 4 of this invention to formation of n electrode, and the division into a light emitting 
device. 

[Description of Notations] 

1 ... Silicon on sapphire 

2 ... Nitride semiconductor layer 

21 ... n type nitride semiconductor layer 

22 ... Barrier layer 

23 ... p type nitride semiconductor layer 

3 ... p electrode 

31 ... The 1st metal layer 

32 ... Curvature prevention layer 
32a ... Ground layer 

32b ... The 2nd metal layer 
32c ... Metal bump 
32d ... Resin layer 
34 ... Au layer 

4 ... n electrode 

5 ... Susceptor 
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6 ... polish — a member 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[D rawin g 1] 
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c 0 0 2 0 ] ifc. ^^(D^ytm^it. m^Bmmmit 
[0 02 1 ) tfc. :^^m<Dmytm^it. mssprnm 

{*. HuiSS'3ES±Ji<±:0*>±{CAu?ril>^c< <t4>^tfA 

[0 022] $fc, m^mtv 

[ 0 0 2 3 ] :^^<omM^\t. mriBnSStt 
[0 024] 10 

[0 02 5] SI (a) (C^-r<fc^tC. ■5x>'>-t^<DS 

S i^©nM^M^^K-:?"L/c^{b!^i|^jS(*I n.A 
UGai-..,N (0 ^x. O^y. x + y ^ 1 ) tS^^J'j: 
S n M2{ tt»¥^f*« 2 1 i . M g I?© p ^^i^f}?: F 

~-:fi^fcmm^^{i^tf^hrjii,vmim^mwm2z 20 

[002 6] -eu-C> ^|i2»<*S2^ffJ^t*. HI (b) 

Ks^-r J: 5 cc p MS^bfj^^i^n 2 3 ±«: p mmim^ 
p tB±(cp t*?g^u/-cmi^iiBt?$>-?,i^i v>mm 

3K Sf3l»±a3 2 3!)«;>afM3n^. CCTttJSO 
l*±J13 2 ttilSjiS 1 0 Mm«±©^iie*»6?^fi!c5n 

ifiiop. ma±<Dm 2 ^mm^^is p nffi 3 mm^ n 

3 2 «»SM^is{) -3 # «: J; o TffM 3 n -5 C i 
i9PA±B3 2©i»$*i:fte|-<i:)feSi. e;x>'>-{cs;&i 

*i^D. ^m»m2ifimti^-r<fj:^o 

[0027] -e-©fa. a 1 ( c ) {Cth^J: ^{C. 
5 {C3^#)RJ1 3 2 S P ^® 3 $ tl/c-^ X 

>'^-*pm€B3ffllWi3£^^5^c^t[^•r■5J:'5^ctsgL/> 40 

{*. 0~1 OO/imSL/cf^. x-y^iyififc 

it^-^uyify-iCjz-,X, as 1 ©ii^^c < i 4>— SP«: 
l^iT-SfitRSib-c^xti*. c©J:^K:ut:nMM{tie) 
^{*B2 l©ii>Aj:< ifc-gB^saStt-S. C©«fc^ 
{C. pS^{b!^^«f*)12 3±(CiP§*5 1 0 Mmt^±© 
^2^«€:^i>^d:< i *>Wr'5 P«ffi«:0RS-rSC itc 
cfc-5T. »fi^l©wm^ciD■S•i'x^^-©S'5^^gi« 

-c#. mm»m2<omti'S:t^±-ri>c tiifx^ i,. ttc 50 
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[0 02 8] ^tr. ^mofcn^it'^i^mwm2 I 

©ii>^i: < i ^)-g|5K:^^.5 J: ^ (c n «mffM-r -2.«fiS 
iL/rfectti. iRftC. nS®4^SWmS<i:L.-CJ^fiX-r 

A 1 ©i©^«W* 1 0~3 0 A. Al*2 0~4 0Ag 
I TO©J8^Wl 00 0~5 00 0A©JS3-Cfl5RS 

[0 02 9 ] c:©J:5^cms*f$^Lfc>^'x>'^-*« a 

l£W©«3t^^©SfliJgj!S:frS«: ct o r . -i; x -©Sd 

-©#{iffiSS/c«3 *i6^#e>n€►^^^^©l^^[SI±$ 
•ar.5C<!:3!)S-C#i,. :$:^H^©^7^^»> p^S 

3. n«@4;&^«:|g2^:^ll5^■C>l^rfiIl/-C?^RS■C*S 

x^v r ^r^m^^fcm^u. M^i4©cf:c^a{bi^iti» 

[003 0] 07 (a) «C^-rJ;^{C. •^x^N-t«J©S 

s 1 ±icmm{^m2mm^ii,^o mm 1 i un*. tc 

^, i^m»m2it. mitm^wmic^-oxmm^ti. 
s i m(Dnm:f^m9^ \''~-:fLtcmimmm» i n.A 

l,Gai...,N (0 ^x. O^y. x + y^l)*^P>^c 

i>nmmim^m^m2 1 <t. Mgi?©p^^^!^?:K 

-7XfcS^b^^«^d^6^t-2> p^fb©^fi«(*B2 3 
[0 03 1 ] -eU-C. ^»f*Jl 2 ^JKfiSf^. 07 (b) 

{c^-r J: ^ cc p sS{bi^*«tt:® 2 3 ±© a suffice p 

fc<!:;ltfN i /P t ®«r?|5RRL/c^a-C*2.m 1 pS 

ii)mfS,?ti?>. c©mi pm@3 1 «N i /p t 

[ 0 0 3 2 ] ^ 1 pmW^fS^, 07 ( c ) (c^-r J: ^ 
(cmi P^@3 l±(C«|^©^M/07-3 2 aAiJf5^$ 
i>:(C, 07 (d) ec^n-rJ;^(C^-'N*>-7'3 2 a 

nfcg|j^?r^u-cm 1 p its 3 1 ±icmmm 3 

^c•r€>fci?)©B^^bS^!la?:^T^•<. cne)^)s>'-<>7*3 2 
a*i<ti>'S}iiii3 1 bccct'>T. mmimmmic'y:^^^ 
'~<DS.<oiw±'r?>^^m±m3 2mm$ti?>. ceo 

S0P;&±J13 2». 4 0~8 0 /imgjSifSCiJ&sW 
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C 0 0 3 3 ] -e-©f^. 07(e) (Ctk-TJ: ^fc> 39^^ 

5 (cso F;i5±@ 3 2 <&wr ^ p «€S3 mm^tifc:; X 
mmmi e ^mt^-s c i {c j: ^ r»« i * n mmitm^ 
it. 10 ---i 0 0 ummvtcm.. s.'y^>ifttc lo 

p M^<b^*^i*e 2 3 ±iCj»S *5 1 0 M mfel±<?) 
MO l»±e 3 2 *iJ>^c < i feWf -5 P ^*?l^fi5c^5 C 

iSi^-t?*. *J»(*B2©fiin*E&±^-5ci*i-e*^. 

[0 0 3 41 -^Lx. mm btcn^immmi^m 2 1 20 

[0 03 5] C(DJ;^^cs@*0^L//!:■^;*>'^-^. r:i> 
i&< ife lo©^)l>'^•>y3 2 ai&^tfJi^^c:A:#S(c 

^¥^»»)i2<&^)5^-c>^t|6]ur?f^JSr|t€>ci*^6> 

SLED {CSffl l./clS^©-0iI?:SiH^-r So 

[0 03 6] fct^ti. if^r-rrcBSSSi iur 

^m^tm^mmm&yjm (mocvds) 

J:O0^§nS, 02 (a) KTnffflO^ «Sl±(ca 40 

« 1 tmtmmmi^m 2 io*g^^^<D:^!s^*iSfii3 
d^h®, ^^i'';rife^(cj;«3^^:^^3-a-srgi4Ja2 

Il*5j;i>'pmSt:t-5 ^'SMSff Sfcie)©pM3> 
n-5 p M^^t;!Bl*iSf*Jl 2 3 ifimX 

[ 0 0 3 7 ] y 7 T )B«iSS{C J; o riSafiSSStf o 
fclKJll 0A~5 0 0A©GaN*»61iRS3n-So nS 50 
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ay di h mitmm 1-^2 0 nm. nto<i,t2'^6 u 

^fi? h)l±{Cifci^«S i 3&iK-7'3n/cA 1 GaNTi^ 

2 2«I nGaN7&^6«fiS;UT^bJ:l^U. GaN/In 
G a N/G a N 0^-#FJl* t,^ttl^Sai^#Fe <!: 
U-C«^Ur4><fcl». pS^?^ KiiWK/11 0 0~5 
OOA(DMg K-::^A 1 GaN*»€>«^3n-S. */c. 

+^-C&n«=&BSpJS|-C* -5. p M=3 > ^ h JB«JKJ1 
0. 001-0. Sum. S?*L/<WO. 05~0. 2 
/Lim®Mg F-7*Ga N^i^^fiSSnS. 
[0 03 8 ] H2 (b ) (C^nt-aO. ±ie<DJ:5tCff$^ 

^tifc-t? X ^^-opmmmmmi^m 2 3 ±jc. n i * 

1 0 OAeoilSTJ^^U. ^(7>±{CP t?r5 0 0 ACD/P 

y^tf-^. C(DN i /P t©ffii^^to-tf«> Ni/A 
u. Co/AuteJ;i>'Pd/'P t iUXfepMSfbigJ* 

N i xp tm^mmk. ptssoooAo/isr 

T--';>i^*tft^mi P«@3 ITSo 
[0 03 9 ] m pmffi3 10^f^. 3 6(c. >'N-^y'i; 
APd*?^A~l 0 0 0 A<DmS-C:^^^ 'y V'^ifS>i> 
IH*. *-5)litti-:'^>i/CCj;or*ffiSffl'fbL'eR«? 
# TTftSa 3 2a SJKsS-r -5, C ©P d KJSJC&flijfili U 
rfPffl-r-S. ■eL.rTitWg3 2 a±lC. P-NiS:10 
MmJi^i^ WSKttSO-SOOMmO/fSt?*!^^ 
y •;'+fCj:-:,-C?f$fiSL> ||2^S)13 2 b i-r-So V > 
^W^»5~l 0%3&SW$Cl*. SRItCAuSlOOO 
A©/13-CifeS^^ +*fc«^«S{CJ: oTJK^-r 
•So SfbigJ**^® 2 ©S« 1 7 T T^©i^^ 

*WT5^)SJa«:J^fiST*Ci5&JJ(f$ Ut,». N i ©fife© 

jtem^fe-o^©^<f:L/r»Cu> Au> Ag*^^tf6n 
S. !|tJCN i»ffjR)tjSSd5ji<, +^)iJl$?rf#SCi 

[0 04 0] ^©f^. 02 (c) tc^t-ffiO. pS®3 

A^?f^fiS3nfc•^7x^^-s^^8l?©3^^5^ctggu. a 

«lE*«B5«©P0gPW6(cj:^-CW^-r€.. C©J; 
'iic. mi pS«S3 1 iib^ur+^^JPSSWrsm 

2 ^ISS 3 2b ^mm-ri> C i tc J: ^ ra^W^i^Jc 

[004 1 ] comm. 1 ©W^». 03(a) t^TfcTJ^ 

^(c. nMS{b^*J»i*a2 i*5ffim-rs$-ctf -5. a 

«l©iF^m. nM3>3'i' he2 l©W^(cj:f9 
^-i^?:SWfcMJ|!{?:R I EiCT 1 ~2 MmgSi f 9^ 

^f>y;^7^>*2 0 A©lf S-C, ^XK:TJl'5-'?Ai&3 
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^^n^K m3 (b) M:^-rJ:^fCnm@4?rJgfiS-r 

^U-C. 03 (c) tC^^Jc^tClfe^^i-r-S. 
[0 042] Sfc. CC-C«'t7x>'N-©^HCCnSS5: 

2 ) p ^ 3 ff^S -C©Xli»JliSW 1 i 
Ur. 04 (a) {C^TJc^JC. S«l€rl Oam~l 

0 0 timm&nm^immmwm2 1 micmr^'>icm 

^. 04 (b) {c^TJ:^{c. d^-/-»yv-{cJ:-3 
S^l ^nS!=i>:>^ hB©0. 5-2. O/Ltmg 

-eras i fejco'nMS^bigj^^i*® 2 1 ^cml. r i 
E (c-c n mmit^^mt^m 2 1 *5 1 ~ 2 <z msssim s 

[0043] -eu-c, &^ii6j:a:nm^im^mt^m 

T;l'S->i>AA 1*3 0 AOJISTX/N--, ^ •;>i'fc<fc 

ojfMb> T--';>y4m\ S4 (c) (c^i^-rj:^' 

^'-<i'>i'y-«:J:r>r. 04 (d) fc^TJc^ic, ^ 

[0044] C (Ommmz n ^{t®4^«f*Ji 2 1 

[0 04 5] i/c> nmmAit'ji^-r\^i>nmm\tmmm 

^S2 l(D^Htcjf$fi£-r-5i£:>S«JS< . 0 5 (a) JCtk 
Ofc^^^tirtS0©<fc 5 {C . g|5^9«)K: n «fiS 4 *B 
fSL/r4>J;l,^ CC-C05 (b) W. 05 (a) (C^L/ 
fcn^4©t«l€r. n li@4<DX±jOiem/c^®0-C* 

[0046] $ etc. nMS^fcigj^f*© 2 1 (CffJ^T 

S^?r, 0 6 fcinf «t -5 (c^3S^c}3>c<*i P>^*S^- 
<DSft'^iJf$fiSL/T*>J:t,i. /c/cL/. 06»05 (b) 
tielli. nm®4?:JE±7i^e,m/c^ffi0t?*S. C(Dm 
■C». IS*m^®4>'C>35^6nM^^fc!Bj¥«<*B2 1©¥ 

ffirt ©St, > (c^tT-c !& I ^ 2 :^r6] «: n 4 *i j^^s $ n s 
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[0047]3e.tc. :S^-r-»>?'y-*fflt»4c4(cj: 

10 [0 04 8] fci^W. -f-^r-rTCffl^a^l iLT 
•&®«W*SI^^«ti^S:^S (MOCVDS) 

08 (a) ic^TaO. aSl±«:S 

■a•^^^••:»7Tlg (0^-if-r) . n^s<b3^-5 •;'^>«M 
*f#-s;rc^6®na^^biK^*2i^*Ji2 irab^nSf3>^? 
^hJi. ';rie^K:J:f)?t*^3-if^ffi14Ji2 

2. 'JT^ffittJifCHDjAJ^-SfcfeCDpM^^-:; K 
H*JJ:i>*pm@i^-5 i'g^ei^rWS/ciSbCDpM^i^ 
^'i' hJl3!)^6ii^3n.SpMSfb!^¥a»fta2 3*5||;X 
20 ^m^tliy. 

[ 0 0 4 9 ] >'^' y T Jl«ffiSiC J: -o rJta^BfigS^rtf -o 
/cMJll 0 A~5 0 0A(DGaNA^6«fiS3tl-So 

hJSttM;*l~2 OMm. W*L<«2~6m 

i^d? Hi±{C/ci^«S i *5K-y$n/cA 1 GaN*^ 

2 2»I nGaNTji^^fiSU-Ctxtt^L'. GaN/In 
G a N/G a N ©#-#F)g* S l> W^a«^^F® i 

L/r^^iSL/Tfc<fcO>. pK^'^ u' KUttMffl 0 0-5 
30 OOA©Mg K-7*A 1 GaNJi^e^fiSStl^S. Sfc. 

0. 001—0. 5 Mm, ii?$L<«0. 05 — 0. 2 
/im©Mg K-7'GaN*:>6^fi£5n5. 
[0 05 0 1 08 (b) (C^-raO. ±^©J:^{cj^fiS 
$t^/c■i'x>'^"©pMm^i^^^S!ftJ12 3±{C. N i * 

1 0 0 A©;»$-eff$^!Su, -e-©±(cp t*5 0 0 A©/i 

i'^tf 5. C©N i /P t N i /A 

40 u. Co/Au*jJ:D''Pd/P t <tbr4>pS!^{b;^^ 

tc. N i/PtB^SrJI^KR^. Pt*5 00 0A©W3r 

[0 0 5 1 ] HI pm@3 immik. mi pmms i± 

^c^t|g[©^il>'^*>7•3 2a*^^f^fiS3n. ^>:CC, 

:f3 Zaifim}S.$titcm^=S:mi>fcmi PSS3 1±{C 

<Hflill3 2 hiimf&^tii, ^m^^>^3 2 a«. ^v-"? 

/c. ^fliB3 2b«. x.7i<^^^mmm^^mis.^ti^o 

50 c:n?.^IS''^>:?'3 2 a^hjzummms 1 b{cj:o-C. 



u 

1 m^mic -i; X -©js 0 ^m±ri>^*) m±m 3 

iT^Ci*i»*K. 4 0-8 OMmaat-rSCi 
B3 2b*»e>iSc-5S«?IW±a3 2%J^^, HWL«ia 

[0 052 ] $/c. swcy v=^$fc\immmcj:'3x 

AWS:! 000 A<Dm$VBf&U. AuMS At-^-^, 

iCD®«*^K;-r€>Ci*5r#6. COAull3 4 
JgDI»±ii3 2i';"K§|Jttib^t,^i7'('i'^t© 

[0 05 3] -e©fa. 08 (c) (CTj^-rao. pmms 
^{c. mi pSSb3 1 iitisur+^^cus^wr^jg 

*) E$±J1 3 2 5:0^-r S C i K: J; T SSWm^c * 

< . jjpoJptftcaK 1 (Dmm^n 5 c i *ir * 

C 0 0 5 4 ] C©a« 1 09(a) *c^-r J: 

^{c. nSS{b!^^J»f*(i2 i*5sm-r.5*-rtT'5c S 

«l©W^fa»> nM3>3?i' Mi2 1©W^KJ:0 di' 
^-iJ^SW/t^JS^R I EtCT 1~2 MmSKJ^f ^ 
>y*tf^. ^©f^. ^taL/cnM3>5'i' H12 1 (C 
^>i';^7->*2 0 A©;»S-C. <X(CT;l'5^'i;A>&3 
0 A©W3f Xv-N-i. 'J^ytCcfcOff^tSb. T^-';> 
i'^tfC*. 09 <b) (Cn^-rJ:^«:nS@4*J^^T 
Sfc. c:©n«@4» I TO*i6ff$fiSL/r*>J:t,^ 
c © J; ^ ( c L -t? i >- ^ - -r > y V - (C J; o r 

^>«iiL/-c, 09 (c) tcTj^-rji^tc^jfeS^^i-r^., 0 

Qt^TikLtcm-Cit. §^^^«2-:)©^ii>'^•>7•3 2 
Jl>'^•>7•3 2 a<bL-r4>J:<« ii>^c < i 1 o©^/< 

>7"3 2 a*WL/ri>n{3:<fc(,^o 

[0055] */c> CC-C»'5*-'N-©^ffi{Cn^4 

fm-r ^mi^sbfci)\ ^ a? - > i^tc J; 9 gp^s-e^jtc n 
mfiB4*ff$f!K-r^CifcJ:-3T. ^^^*i6©?fe©IX 

(iits0ii4 ) p fm3mmtv<Dxmimmm 1 iiai^ 

(Ctftoti^.. pmffi3ff$)jSf^> ^76l^^^*3^^^5(Ctg 
fiUr. 010 (a) (C^S^J;-5{C, Sffil^l OMm 

-10 0m mm&nmmim^mi^m 2 1 fliijfc^-r j: ^ 

©f^. 010 (b) fC7j^-r<fc^Jc« ^<'-Yi^>i/y-(cJ; 
or. SSl4na3>^'^ hB©0. 5~2. Otim 
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I E tCT n SS<b!ej*j»«:JS 2 1 *s 1 ~ 2 u mSSBUn 

[ 0 0 5 6 ] -eb-C> S« 1 *iJ:0-nM^^b!K5¥«i*Jl 
ZUrnu. ^>yX7->W?:2 0A©/1$-C. ^©f^ 
T;l'5-'i?AA 1 ?r3 OA©/f ';>i'{Cj; 
Ofl^RSL. T~'~')>if^m\ 010 (c) (C^t-J: 
^{CnS@4€:?f^04-r^. C©J:^^Cff$RSL//•c-?*>'^- 
10 5::5?'>fi^>i^V-(C ioT. 01 0 (d) dCTjktJ:^ 

[0057] c<Dmmm2it. nmMiimimm{iim2 i 

■S, */c> iFf^a55©*IJ®«e.o^fcJ;oTnM^<t^ 

[0058] nmmAittti'rbhnmmm^m 

wm2 1 <D±micmf&t^!jii^ittj:< . 11SSM2 ii^ 
05 (a) ^cn^l.fc^3te^^^©i4ta0©cfc'5^c, gp 

:»e«J{Cn^@4^ffMl/r4>J:i,'>, CC-C05 (b) 
20 05 (a) iC7jkUttn^s4:<Dm^. nm^4<OM 

±*^e.^/c^a0-c*^, nmmim^mi^m2 am 

[0 059] S nMS^bi^^zSftwjl 2 1 (CjfJfiXT 
IISfiCa|2i|SHi. 06{C^-rJ:^K:|6^|R^© 
ip.i:^*i6l%7fe5g^©Sft'--iffML/T*)J:l». tcfcL. 
06«05 (b) ilHUi. n^@4'&»±*i61Lfc^ffi 

30 0-c*^, comxit. §i^i-(D'p'{j'^^hnm.mim 

fc-oxtmmi^-ic&A^ti. mjm'^icisiii>mt^ 
i^ic-r6ct^x^i>, 

[006 0] 36{C. i<'-^ix->yv-*ffi(,»sc:i(C<fc 

imi^i^m2 i=&miiis^^mmmvix$,^!iimt 

40 ii>^c< i4>-gl5©»«€:l^*L/. n®^<b!Bj^(*e2 
[0 0 6 1 ] 

[^^©Ja*] 2|E|6H^©^^^*JJ:iyf^*^-?^©«ffi 
^^^©W®K:sa*ff$fiSbfcS^biBj^zii*Jl«:Wt-i» 

[01] ^:i6Bj©^i6©0si 1 (c*j i, p mfii©?^^ 
50 [02] :^^m<f>mmm i s p «fii©0^*» 6 
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[05] *J^B^©IIJtF!l2CCtelt2.^|f!|K:M-r-2.B 

me] ^^BM(Dmmm2tzisiii>m<D^mmicm'r lo 

[07] 2|sj6Bj<D||SS©J^« 2 Kfc S p S«i<DJ|^»!S 

*i 6S«?(Dif® s -ccDifi*iJB§wic^j^-r 0-c* 

[09] :*:^ig©SISte0!l 3 {C*jWaS«0D|^**»6 n 

[010] 3fi:^|g<D^t^4{C*5l^^a«<Dim**>6>K 
[01 ] 



(a) 
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[?^-^©iJi?^] 

1 . . . -tJ-^r-^TSffi 

2 • • • ^{b!^^i*Jl 

2 1 • • • n^^{b!^^<*B 

2 2 • • • imm 

2 3 • • • pMg^b!ei4^<*» 

3 • • • pm@ 

3 1 • • - mi 

32 • • •KK>m±m 

3 2a- • • TiftB 
32 b • • -^2^^® 
3 2c- - - 

3 2 d - - - mmm 

3 4 - - - AuM 

4 - - - 

5 - - - ^n-^ 

6 • - - W®gPW 

[02] 
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[119] 

(a> 




(11) 



1^m2 0 0 1 -3 1 342 2 
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